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(57) ABSTRACT 

An image forming apparatus includes an image bearing 
member on Which a latent image corresponding to image 
information is formed, a developing device for developing 
the latent image on said image bearing member With a 
developer including carrier and toner, a supplying device for 
supplying a developer to the developing device, a detector 
for detecting information corresponding to the magnetic 
permeability of the developer, and a selecting device for 
selecting modes on the basis of the information detected by 
the detecting device, Wherein the selecting device can select 
a ?rst control mode that controls the amount of the developer 
Which is supplied to the developing device by the supplying 
device on the basis of the information detected by the 
detector, and a second control mode that controls the amount 
of the developer Which is supplied to the developing device 
by the supplying device on the basis of the image informa 
tion. 

11 Claims, 8 Drawing Sheets 
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IMAGE FORMING APPARATUS WITH 
TONER AMOUNT SELECTION FEATURE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application is a continuation of application Ser. No. 
09/793,130 ?led Feb. 27, 2000, noW abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image forming appa 
ratus using an electrophotographic system or an electrostatic 
recording system, for example, an image forming apparatus 
such as a copying machine, a printer or a facsimile. 

2. Related Background Art 
Up to noW, a developing device equipped in an image 

forming apparatus of the electrophotographic system or the 
electrostatic recording system uses a tWo-component devel 
oper essentially including toner particles and carrier par 
ticles. In particular, in a color image forming apparatus that 
forms a full color or a multicolor image through the elec 
trophotographic system, most of the developing devices use 
tWo-component developers from the vieWpoint of hue, tone, 
or the like of the image. 

As Well knoWn, the toner density of the tWo-component 
developer, that is, a rate of the toner Weight to the total 
Weight of the carrier particles and the toner particles 
becomes a very important element in stabilization of the 
image quality. The toner particles of the developer is con 
sumed at the time of development, and thereafter the toner 
density of the developer is reduced. For that reason, it is 
important that an automatic toner replenishing controller 
(AT R) is employed to accurately detect the toner density of 
the developer in good time, to replenish the toner in accor 
dance With a change in the toner density, alWays to con 
stantly control the toner density and keep the image quality. 
As described above, in order to correct the change in the 

toner density Within the developing device due to 
development, that is, in order to control the toner amount 
Which is replenished to the developing device, developer 
density detectors of various types Which are disposed Within 
the developing container have been put in practical use. 

For example, there has been employed an optical devel 
oper density controller, a developer density controller of an 
inductance detecting type, or the like, Which is disposed in 
the vicinity of a developer bearing member (hereinafter 
referred to as “developing sleeve” since, in general, the 
developing sleeve is frequently used), or a developer carry 
ing path of the developing container. The optical developer 
density controller grasps the toner density and controls the 
toner amount Which is replenished to the developing device 
by utiliZing a phenomenon that a re?ection factor of a light 
irradiated onto a developer carried on the developing sleeve 
or a developer Within the developing container is different 
depending on the toner density. The developer density 
controller of the inductance detecting type grasps the toner 
density Within the developing container in accordance With 
a detection signal from an inductance head that detects an 
apparent magnetic permeability due to the mixture ratio of 
the magnetic carrier and the nonmagnetic toner in the 
developer and converts the detection signal from the induc 
tance head into an electric signal, and replenishes the toner 
on the basis of a comparison of the toner density With a 
reference value. 

Also, there is a system in Which an image density of a 
patch formed on an image bearing member (hereinafter 
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2 
referred to as “photosensitive drum” since in general, the 
photosensitive drum is frequently used) is read by a light 
source disposed on a position that faces the surface of the 
image bearing member and a sensor that receives its 
re?ected light, and then converted into a digital signal by an 
analog-to-digital converter, and thereafter the digital signal 
is transmitted to a CPU and then compared With an initial set 
value in the CPU. In the system, if the image density is 
higher than the initial set value, the toner replenishment 
stops until the image density returns to the initial set value 
Whereas if the image density is loWer than the initial set 
value, the toner is forcedly replenished until the image 
density is returned to the initial set value, and the toner 
density is indirectly maintained to a desired value. 

Further, there is a developer density controller called “a 
video count system” in Which a consumed toner amount is 
estimated on the basis of a video count of an image density 
signal corresponding to the image information of an original 
read by such as the CCD, and the toner corresponding to the 
estimated consumed toner amount is replenished. 

HoWever, in the system the toner density is detected from 
the re?ection factor of the light irradiated onto the developer 
carried on the developing sleeve or the developer Within the 
developing container, if the sensor is stained by toner 
scattering or the like, there is a case in Which the toner 
density cannot be accurately grasped and detected. 

Also, in the system that indirectly controls the toner 
density from the patch image density, With the doWnsiZing 
of the image forming apparatus, disenables a space Where a 
patch image is formed or a space Where a detecting means 
is located to be ensured. 

Further, the toner replenishment due to the video count 
system is so controlled as to be set to an appropriate 
developer density more rapidly than if more toner is con 
sumed due to a high-density image since the toner replen 
ishment amount is calculated every time the image forming 
operation is conducted. 

HoWever, in the case Where there is even a slight differ 
ence betWeen the consumed toner amount calculated on the 
basis of the video count and the toner replenishment amount 
due to a precision of the toner hopper that conducts the toner 
replenishment or the like, if images are formed (developed) 
on a large amount of transfer materials (paper or the like), 
because the developer density is gradually shifted from an 
initial appropriate developer density, it may be di?icult to 
control the developer density With only the video count 
system. 
On the other hand, the above developer density controller 

of the inductance detecting system (hereinafter referred to as 
“inductance detecting system AT R”) does not suffer from the 
above problem, and controls the toner amount Which is 
replenished to the developing device on the basis of the 
folloWing control. That is, for example, if it is detected that 
the apparent magnetic permeability of the developer is large, 
a rate at Which the carrier particles in the developer is 
occupied in a constant volume becomes large, Which means 
that the toner density becomes loW. Therefore, the toner 
replenishment starts. Conversely, if the apparent magnetic 
permeability becomes small, the rate at Which the carrier 
particles in the developer is occupied in the constant volume 
becomes small, Which means that the toner density becomes 
high. Therefore, the toner replenishment stops. 

HoWever, in the above-mentioned inductance detecting 
system ATR, there is a case in Which the output from the 
inductance head in correspondence With the apparent mag 
netic permeability is discontinuously changed due to a 
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change in a bulk density of the developer due to the leaving 
of the developer or an environmental variation betWeen a 
time immediately before the operation of the image forming 
apparatus stops (for example, immediately before the main 
sWitch of the image forming apparatus is sWitched off) and 
a time immediately after the image forming apparatus 
restarts (for example, immediately after the main sWitch of 
the image forming apparatus is sWitched on). 

In other Words, that the bulk density of the developer is 
changed Within the developing container even if the toner 
amount in the developing container does not substantially 
change betWeen a time immediately before the operation of 
the image forming apparatus stops (for example, immedi 
ately before the main sWitch of the image forming apparatus 
turns off) and a time immediately after the operation restarts 
(for example, immediately after the main sWitch of the 
image forming apparatus turns on), means that the amount 
of developer (carrier particles)Within the constant volume in 
the vicinity of the sensor changes in the inductance detecting 
system ATR. As a result, there is a case in Which the toner 
is replenished in response to an output signal from the head 
indicating that the toner has been decreased regardless of the 
toner amount being not substantially changed. 

In this case, there may occur a problem that the image 
density becomes high due to the excessive toner 
replenishment, a problem that the amount of developer 
increases With an increase of the toner amount to the degree 
that the developing container over?oWs With the developer, 
or a problem that the toner is scattered due to a deterioration 
of the charge amount of the toner With an increase in the 
ratio of toner in the developer. 

Also, the above-described problems are particularly 
remarkable in the case Where a stop period of time after the 
stoppage of the image forming apparatus and before the 
restart of the image forming apparatus is long, or in the case 
Where the environmental variation is large during that stop 
period of time. 

SUMMARY OF THE INVENTION 

The present invention has been made in order to solve the 
above problems, and therefore an object of the present 
invention is to provide an image forming apparatus Which is 
capable of appropriately maintaining the amount of a devel 
oper Which is replenished to a developing means even if a 
correlation betWeen the amount of developer Within the 
developing means and information detected by a detecting 
means is largely deviated. 

Another object of the present invention Will become 
apparent by reading the folloWing detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of this invention 
Will become more fully apparent from the folloWing detailed 
description taken With the accompanying draWings in Which: 

FIG. 1 is a diagram shoWing the entire structure of an 
image forming apparatus in accordance With one embodi 
ment of the present invention; 

FIG. 2 is a schematic diagram shoWing the structure of a 
developing device equipped in the image forming apparatus 
shoWn in FIG. 1; 

FIGS. 3A, 3B, 3C and 3D are Waveform diagrams for 
explaining a method of counting image information signals 
in the image forming apparatus shoWn in FIG. 1; 

FIG. 4 is a characteristic diagram shoWing a state in Which 
a detection signal from an inductance head is changed by a 
change in the toner density of a developer; 
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4 
FIG. 5 is a ?oWchart for explaining the basic operation of 

one embodiment of the present invention; 
FIGS. 6A, 6B and 6C are explanatory diagrams for 

shoWing relationships of a bulk density of the developer 
(FIG. 6A), a sensor detection signal of the inductance 
detecting system ATR (FIG. 6B) and the T/C ratio of the 
developer (FIG. 6C) before the image forming operation 
stops and after the image forming operation restarts in a 
conventional toner replenishing control, With respect to an 
operating time; 

FIG. 7 is a structural diagram shoWing the outline of a 
developer that rotates a developing sleeve in a counter 
direction to a photosensitive drum rotating direction; and 

FIGS. 8A and 8B shoW a relationship of the bulk density 
of the developer (FIG. 8A) and a sensor detection signal of 
the inductance detecting system ATR (FIG. 8B) before the 
image forming operation stops and after the image forming 
operation restarts using ferrite magnetic carriers used up to 
noW and high-resistance carriers Which is capable of reduc 
ing the triboelectricity change amount in a sixth embodiment 
With respect to an operating time. 

FIG. 9 is a ?oWchart shoWing the operation of an embodi 
ment of an image forming apparatus for varying a time 
period extending from a time When the sub-mode is selected 
to a time When the sub-mode is changed to the main mode 
in accordance With the information detected by the detecting 
device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

NoW, a description Will be given in more detail of an 
image forming apparatus according to the present invention. 
The image forming apparatus to Which the present inven 

tion is applicable may be structured in such a manner that a 
latent image is formed on a photosensitive member or a 
dielectric in response to an image information signal of an 
original through such as an electrophotographic system or an 
electrostatic recording system, the latent image is developed 
by a developing device using a tWo-component developer 
essentially including toner particles and carrier particles to 
form a visible image (toner image), and the visible image is 
transferred onto a transfer material such as a sheet of paper 
and made into a permanent image by a ?xing means. The 
present invention can be also applied to an image forming 
apparatus in Which a latent image corresponding to image 
information transmitted from a personal computer or the like 
through a netWork cable is formed on the photosensitive 
member or the dielectric and then developed. 

First Embodiment 

A ?rst embodiment of the present invention Will be 
described With reference to FIGS. 1, 2 and 3A to 3D. 

First, the entire structure of an image forming apparatus 
in accordance With one embodiment of the present invention 
Will be described With reference to FIG. 1. This embodiment 
shoWs an example in Which the present invention is applied 
to a digital copying machine of the electrophotographic 
system, but it is needless to say that the present invention can 
be similarly applied to other various image forming appa 
ratuses of the electrophotographic system and the electro 
static recording system. 

Referring to FIG. 1, an image of an original 31 to be 
copied is projected onto an image pickup element 33 such as 
a CCD by a lens 32. The image pickup element 33 resolves 
the original image into a large number of pixels and gener 
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ates photoelectric conversion signals corresponding to the 
densities of the respective pixels. An analog image signal 
outputted from the image pickup element 33 is transmitted 
to an image signal processing circuit 34 so as to be converted 
into a pixel image signal having an output level correspond 
ing to the density of each pixel and then transmitted to a 
pulse Width modulating circuit 35. 

The pulse Width modulating circuit 35 forms a laser 
driving pulse having a Width (time length) corresponding to 
the level for each input pixel image signal and outputs the 
laser driving pulse. That is, as shoWn in FIG. 3A, a Wider 
Width driving pulse W is formed for a high-density pixel 
image signal, a narroWer Width driving pulse S is formed for 
a loW-density pixel image signal, and a medium Width 
driving pulse I is formed for a medium density pixel image 
signal, respectively. 

The laser driving pulse outputted from the pulse Width 
modulating circuit 35 is supplied to a semiconductor laser 36 
to alloW the semiconductor laser 36 to emit a light for only 
a period of time corresponding to the pulse Width. 
Accordingly, the semiconductor laser 36 is driven for the 
high density pixel for a longer period of time, and driven for 
the loW density pixel for a shorter period of time. Therefore, 
the photosensitive drum 40 is exposed in a long range in a 
main scanning direction With respect to the high density 
pixel and exposed in a shorter range in the main scanning 
direction With respect to the loW density pixel, through an 
optical system Which Will be described beloW. In other 
Words, the dot siZe of an electrostatic latent image is 
different in correspondence With the density of the pixel. 

Accordingly, it is needless to say that the consumed toner 
amount With respect to the high density pixel is larger than 
that With respect to the loW density pixel. In FIG. 3D, the 
electrostatic latent images of the loW, medium and high 
density pixels are indicated by L, M and H, respectively. 

Alaser beam 36a irradiated from the semiconductor laser 
36 is sWept by a rotary polygon mirror 37 and then spot 
imaged on the photosensitive drum 40 by a stationary mirror 
39 that directs the laser beam 36a through a lens 38 such as 
an f/G lens to the photosensitive drum 40 Which is an image 
bearing member. Thus, the laser beam 36a scans the pho 
tosensitive drum 40 in a direction Which is substantially in 
parallel With the its rotating axis (main scanning direction) 
and forms an electrostatic latent image. 

The photosensitive drum 40 as an image bearing member 
is an electrophotographic photosensitive drum that has a 
photoconductor such as amorphous silicon, selenium or 
OPC on its surface and rotates in a direction indicated by an 
arroW. The photosensitive drum 40 is uniformly charged by 
a primary charger 42 after it has been subjected to uniform 
charge elimination by an exposing device 41. Thereafter, 
exposure scanning is conducted by the laser beam 36a Which 
has been modulated in accordance With the above-described 
image information signal, to thereby form the electrostatic 
image corresponding to the image information. The electro 
static latent image is reversely developed by a developing 
device 44 using a tWo-component developer 43 Where the 
toner and the carrier are mixed together to form a visible 
image (toner image). In this example, the reversal develop 
ment is directed to a developing method in Which toner 
charged With the same polarity as the latent image is stuck 
onto a region of the photosensitive drum 40 Which is 
exposed by a light and visualiZed. 

The toner image is transferred onto a transfer material 48 
Which has been conveyed to the photosensitive drum 40 by 
a transfer material bearing belt 47 as a transfer rotary 
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6 
member, by the action of a transfer charger 49. A transfer 
material bearing belt 47 is put around tWo rollers 45 and 46 
and driven in an endless manner in a direction indicated by 
an arroW in the FIG. 1, to thereby convey the transfer 
material 48 borne on the transfer material bearing belt 47 to 
the photosensitive drum 40. The transfer material 48 onto 
Which the toner image has been transferred is separated from 
the transfer material bearing belt 47 and then conveyed to a 
?xing device not shoWn so as to be ?xed into a permanent 
image. Also, the residual toner remaining on the photosen 
sitive drum 40 after the transfer operation is thereafter 
removed by a cleaner 50. 

For simpli?cation of description, only a single image 
forming station (including the photosensitive drum 40, the 
exposing device 41, a primary charger 42, the developing 
device 44, or the like) is shoWn. In fact, the image forming 
apparatus according to this embodiment is a color image 
forming apparatus having image forming stations for the 
respective colors consisting of, for example, cyan, magenta, 
yelloW and black. The respective image forming stations are 
arranged on the transfer material bearing belt 47 in order 
along the moving direction, and electrostatic latent images 
for the respective colors (for each of the color components 
of the image) obtained by color-separating the original 
image are sequentially formed on the photosensitive drums 
of the respective image forming stations and then developed 
by the developing devices 44 using developers having the 
corresponding color toners and sequentially superimposed 
on each other and transferred onto the transfer material 48 
Which is conveyed by the transfer material bearing belt 47. 
An example of the above developing device 44 is shoWn 

in FIG. 2. As shoWn in FIG. 2, the developing device 44 
according to this embodiment is arranged so as to face the 
photosensitive drum 40, and the interior of the developing 
device 44 is sectioned into a ?rst chamber (developing 
chamber) 52 and a second chamber (agitating chamber) 53 
by a partition Wall 51 serving as a partition that extends in 
a vertical direction. In the ?rst chamber 52 are disposed a 
nonmagnetic developing sleeve 54 serving as a developer 
bearing member-that rotates in a direction indicated by an 
arroW, and a magnet 55 Which is a magnetic ?eld generating 
means is arranged Within the developing sleeve 54 in an 
stationary manner. 

The developing sleeve 54 bears and carries a layer of a 
tWo-component developer (including a magnetic carrier and 
a non-magnetic toner) a thickness of Which is regulated by 
a blade 56 and supplies the developer to the photosensitive 
drum 40 in a developing region that is opposite to the 
photosensitive drum 40 to reversely develop the electrostatic 
latent image (in this embodiment, the charge polarity of the 
photosensitive drum and the charge polarity of the toner are 
negative). 

In order to improve the developing ef?ciency, that is, the 
ef?ciency of transferring the toner to the latent image, a 
developing bias voltage Where a dc. voltage is superim 
posed on an ac. voltage (a negative voltage in this 
embodiment) is applied from a poWer supply 57 to the 
developing sleeve 54. 

First and second developer agitating screWs 58 and 59 
Which serve as developer agitating members are disposed 
Within the ?rst chamber 52 and the second chamber 53. The 
?rst screW 58 agitates and carries the developer 43 Within the 
?rst chamber 52, and the second screW 59 agitates and 
carries a toner 63 supplied from a toner discharge port 61 of 
a toner replenishing tank 60 (replenishing means) Which Will 
be described later by the rotation of a carrying screW 62 
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(replenishing means) and the developer 43 Which has 
already been stored in the developing device 44 and uniform 
the toner density. The partition Wall 51 is formed With a 
developer passage (not shoWn) Which mutually communi 
cates the ?rst chamber 52 and the second chamber 53 at end 
portions at a front side and a back side in FIG. 2. The 
developer Within the ?rst chamber 52 With the toner density 
of Which has been loWered due to the toner being consumed 
by development is moved through one passage to the second 
chamber 53 by the carrying forces of the ?rst and second 
screWs 58 and 59, and the developer the toner density of 
Which has been recovered Within the second chamber 53 is 
moved through another passage to the ?rst chamber 52. 

In order to correct a change in the developer density 
Within the developing device 44 Which is caused by the 
development of the electrostatic latent image, namely, in 
order to control the toner amount that is replenished to the 
developing device 44, according to this embodiment, there 
is disposed the inductance detecting system ATR (?rst 
control mode), that is, a ?rst developer density controller in 
Which an inductance head 20 is located on a bottom Wall of 
the ?rst chamber (developing chamber) 52 of the developing 
device 44, an actual toner density of the developer 43 Within 
the developing device 44, speci?cally Within the ?rst devel 
oping chamber 52, is grasped in accordance With an output 
signal from the inductance head 20, and the toner is replen 
ished on the basis of a comparison of the actual toner density 
With a reference value. 

As described above, the tWo-component developer essen 
tially includes the magnetic carriers and the nonmagnetic 
carriers, and the apparent magnetic permeability due to the 
mixture ratio of the magnetic carriers (C for short) and the 
nonmagnetic toner (T for short) changes When the toner 
density of the developer 43 (the rate of the toner particle 
Weight With respect to the total Weight of the carrier particles 
and the toner particles) changes. When the apparent mag 
netic permeability is detected by the inductance head 20 and 
then converted into an electric signal, the electric signal 
(sensor output voltage is substantially linearly changed 
in accordance With the toner density (T/C ratio as shoWn 
in FIG. 4. That is, the electric signal outputted from the 
inductance head 20 corresponds to an actual toner density of 
the tWo-component developer Within the developing device 
44. The electric signal outputted from the inductance head 
20 is supplied to one input of a comparator 21 The other 
input of the comparator 21 is inputted With a reference 
electric signal corresponding to the apparent magnetic per 
meability of a regular toner density (the toner density in an 
initial set value) of the developer 43 from a reference voltage 
signal supply 22 Accordingly, the comparator 21 compares 
the regular toner density With the actual toner density Within 
the developing device 44, and a detection signal of the 
comparator 21 as the comparison result of both of the input 
signals is supplied to a CPU 67 serving as a control means. 

The CPU 67 controls the operation so as to correct a 
subsequent toner replenishing period of time on the basis of 
the detection signal from the comparator 21. For example, if 
the actual toner density of the developer 43 detected by the 
inductance head 20 is smaller than the regular value, that is, 
if the toner is short in replenishment, the CPU 67 actuates 
the carrying screW 62 Within the toner replenishing tank 60 
so as to replenish the short amount of toner to the developing 
device 44. That is, the CPU 67 calculates the screW rotating 
period of time required for replenishing the short amount of 
toner to the developing device 44 on the basis of the 
detection signal from the comparator 21, controls a motor 
driving circuit 69 (replenishing means) so as to rotationally 
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drive a motor 70 for the calculated screW rotating period of 
time and rotates the carrying screW 62 Within the toner 
replenishing tank 60 through a gear train 71, to thereby 
replenish the short amount of toner to the developing device 
44. 

Also, if the actual toner density of the developer 43 Which 
has been detected by the inductance head 20 is larger than 
the regular value, that is, in the case the toner is excessively 
replenished, the CPU 67 calculates the excessive toner 
amount in the developer on the basis of the detection signal 
from the comparator 21. Then, in the subsequent original 
image formation, an image is formed Without replenishing 
the toner until the excessive toner amount is consumed, that 
is, the image is formed Without supplying the toner so that 
the excessive toner amount is consumed, and When the 
excessive toner amount is consumed, the above-mentioned 
toner replenishing operation is conducted. 

Subsequently, the above operation Will be further 
described With reference to a ?oWchart shoWn in FIG. 5. 

First, When the image forming apparatus starts (S501), the 
toner density detection starts (S502). Then, a detected volt 
age signal “a” from the inductance head 20 is inputted to the 
comparator 21 (S503) and compared With a reference volt 
age signal “b” from a reference voltage signal source 22 by 
the comparator 21 (S504). It is judged Whether or not the 
detected signal difference (a-b) is larger 0 ((a—b)>0) (S506), 
and if the toner density is loWer than the reference value 
(yes), a toner replenishing time is determined (S507). Then, 
copying operation starts (S508), and toner replenishment is 
conducted betWeen an image formation and an image for 
mation for only the toner replenishing time (S509), and the 
operation returns to the start. 

Also, if the toner density is higher than the reference value 
(no) in S506, the copying operation starts (S510) and the 
operation returns to the start Without replenishing the toner. 
A timing at Which the toner density is detected may be 

immediately before the copying operation restarts or during 
the copying operation. For example, the toner density may 
be detected immediately before the copying operation 
restarts in the ?rst image forming operation, and may be 
detected during the copying operation in the subsequent 
image forming operation. 

Also, in the inductance detecting system ATR used in this 
embodiment, the reference value of the detection signal in an 
optimum toner density (The optimum toner density is 6% in 
this embodiment. If the toner density is higher than that 
value, the toner may be scattered Whereas if the toner density 
is loWer than that value, the light image may occur,) is set to 
2.5 V. If the detection signal of the sensor is larger than the 
reference value (for example, 3.0 V), the toner is 
replenished, and if the detection signal of the sensor is 
smaller than the reference value (for example, 2.0 V), the 
replenishment of the toner stops. HoWever, the present 
invention is not limited to the above-described signal 
processing, but the circuit structure may be modi?ed so that 
the reference value becomes a value of 2.5 V or more Also, 
the detection signal of the sensor When the toner density is 
loWer than the optimum value may be set to be smaller so 
that the detection signal of the sensor may become larger 
When the toner density is higher than the optimum value. 

In the above-described structure, as described in the above 
description of the related art, if the image forming apparatus 
such as the copying machine or the printer does not operate 
for a certain period of time or for a certain duration, the 
detection signal of the inductance detecting system ATR of 
the apparent magnetic permeability changes due to a varia 
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tion of the bulk density of the developer Within the devel 
oping container even though the toner density is not sub 
stantially changed, resulting in an error of the toner density 
control. 

For example, as shoWn in FIGS. 6A, 6B and 6C, the 
detection signal from the inductance head 20 is 2.5 V When 
the optimum toner density of the developer is 6% (see FIG. 
6B), and the optimum toner density is maintained immedi 
ately until the operation of the image forming apparatus 
stops (see FIG. 6C). HoWever, there is a case in Which as a 
result that the image forming apparatus does not operate 
because the main sWitch of the image forming apparatus 
turns off or a Waiting period of Waiting for an image 
formation start signal is long (a developer leaving time in 
FIG. 6B), the bulk density of the developer changes due to 
factors such as an environmental variation such as tempera 
ture or humidity or a change in the toner charge amount (see 
FIG. 6A) and the detection signal When the operation of the 
image forming apparatus restarts may change (see FIG. 6B). 

In the inductance detecting system ATR used in this 
embodiment, if the detection signal is higher than the initial 
set value (reference value: 2.5 V in this embodiment), it is 
Judged that the rate of the carrier particles in the developer 
is high because of the circuit structure, that is, the toner 
density is loW. As a result, the toner is excessively replen 
ished (the toner oversupplying time in FIG. 6B), resulting in 
a problem that the toner density is out of the original 
optimum toner density and stabiliZed (FIG. 6C). 

Under the above circumstances, in this embodiment, in 
order to correct an error detection of the inductance detect 
ing system ATR due to the leaving of the developer and 
maintain the toner density to a constant value immediately 
after the leaving of the developer, the developer density 
control is conducted by the video count system ATR as the 
second developer density controller, to thereby remove the 
above draWback. 

First, the video count system of the image density of an 
image information signal Will be described. 

The level of the output signal of the image signal pro 
cessing circuit 34 shoWn in FIG. 1 is counted for each of the 
pixels. The count is conducted in this embodiment as 
folloWs: First, the output signal of the pulse Width modu 
lating circuit 35 is supplied to one input of an AND gate 64, 
and a clock pulse (a pulse shoWn in FIG. 3B) is supplied to 
the other input of the AND gate 64 from a clock pulse 
generator 65. Accordingly, clock pulses of the number 
corresponding to the respective pulse Widths of laser driving 
pulses S, I and W, that is, the clock pulses of the number 
corresponding to the densities of the respective pixels are 
outputted from the AND gate 64 as shoWn in FIG. 3C. The 
number of clock pulses is integrated by the counter 66 for 
each of the pixels, and the number of video counts is 
calculated (for example, the maximum number of video 
counts is 400 dpi and 3884><l000000 in 256 gradations) in 
one sheet of A4 siZe. The pulse integrated signal C1 (the 
number of video counts) for each of the images from the 
counter 66 corresponds to the toner amount consumed from 
the developing device 44 for forming one toner image of the 
original 31. 

Therefore, the number of video counts is supplied to the 
CPU 67, and the toner is appropriately replenished to the 
developing device 44 from a conversion table indicative of 
a correspondence relationship betWeen the number of video 
counts and the toner replenishing time Which is provided in 
the CPU 67, to thereby conduct a desired developer density 
control. 
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10 
A RAM 68 is formed of a non-volatile memory into and 

from Which various data Which has been or Will be calcu 
lated by the CPU 67 is Written and read. 
The second developer density controller according to this 

embodiment applies the video count system as described 
above, and operates on the basis of the folloWing control. 

First, as shoWn in FIG. 1, the detection signal from the 
inductance head 20 immediately before the operation of the 
image forming apparatus stops (for example, after a ?nal 
image formation has been completed and immediately 
before the main sWitch of the image forming apparatus turns 
off; before the main sWitch turns off and during the ?nal 
image forming operation; or before the Waiting state of the 
image forming apparatus) is stored in a recording saving 
device 23 such as a nonvolatile memory (storing means). 
Then, immediately after the operation of the apparatus 
restarts (for example, after the main sWitch of the image 
forming apparatus turns on and before an initial image 
formation is conducted after the main sWitch turns on and 
during the initial image forming operation; or immediately 
after the image formation start signal is inputted and the 
Waiting state of the image forming apparatus is completed 
and before the image formation is conducted on the basis of 
the image formation start signal), the detection signal imme 
diately before the operation of the apparatus stops Which is 
recorded in the recording saving device 23 is supplied to one 
input of a second comparator 24, and the detection signal is 
inputted to the other input of the second comparator 24 from 
the inductance head 20 immediately after the operation of 
the apparatus starts, and its difference value is transmitted to 
a second CPU 25 that serves as a selecting means (control 
means). The second CPU 25 judges Whether the subsequent 
developer density control is sequentially conducted by only 
the ?rst density controller of the inductance detecting system 
on the basis of the above difference value, or Whether the 
operation is changed over to the second developer density 
controller of the video count system. 

Speci?cally, in the case Where the detection signal of the 
inductance detecting sensor immediately before the opera 
tion of the apparatus stops is 2.5 V and the sensor detection 
signal immediately after the operation of the apparatus 
restarts is 3.0 V or 2.0 V, it is judged that the bulk density 
of the developer is largely changed due to the leaving of the 
developer, and the subsequent developer density control is 
conducted through the video count system. Regarding a 
timing at Which the operation changes over to the video 
count system depending on the detection signal difference 
betWeen before and after the leaving of the developer, for 
example, the change-over may be made When the detection 
signal is changed by 10.15 V or more than the detection 
signal immediately before the operation of the apparatus 
stops, but the change-over may not be made When the 
detection signal difference is less than the above value, and 
its threshold value can be appropriately selected. 

Even if the bulk density of the developer changes due to 
the leaving of the developer by conducting the above 
control, the developer density is prevented from rapidly 
changing due to the malfunction of the inductance detecting 
sensor, thereby being capable of preventing the deterioration 
of the image quality such as the toner scattering or the 
fogged image on the background due to a rise in the 
developer density or the light density image due to the 
loWering of the developer density. 

In this embodiment, since the detection signal of the 
developer controller immediately before the operation of the 
image forming apparatus stops is stored in a nonvolatile 
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memory, even if the main power supply of the image 
forming apparatus is left in a sWitched-off state, the detec 
tion signal from the inductance head after the operation of 
the apparatus restarts and the above memory value can be 
compared With each other. 

Also, in this embodiment, since the detection signal 
immediately after the operation of the image forming appa 
ratus restarts is detected after the operation of the image 
forming apparatus restarts and before the image forming 
operation for a ?rst transfer material, the judgment of the 
change-over to the video count system can be made more 
quickly than that in the case Where the detection signal is 
detected during the image formation for the ?rst transfer 
material after the operation of the image forming apparatus 
restarts, With the result that the deterioration of the image 
formed on the ?rst transfer material due to the excessive 
toner replenishment can be prevented. 

Second Embodiment 

Subsequently, a second embodiment of the present inven 
tion Will be described. The feature of this embodiment 
resides in that the ?rst developer density controller and the 
second developer density controller Which are described in 
the ?rst embodiment are employed together. 

The second developer density controller in this embodi 
ment adopts the video count system as described above and 
operates on the basis of the folloWing control. 

First, as shoWn in FIG. 1, the detection signal from the 
inductance head 20 immediately before the operation of the 
apparatus stops is stored in the recording saving device 23. 
Then, immediately after the operation of the apparatus 
restarts, the detection signal immediately before the opera 
tion of the apparatus stops Which is stored in the recording 
saving device 23 is supplied to one input of the second 
comparator 24, and the detection signal from the inductance 
head 20 immediately after the operation of the apparatus 
starts is inputted to the other input of the second comparator 
24, and its difference value is transmitted to the second CPU 
25. The second CPU 25 judges Whether the subsequent 
developer density control is conducted by only the ?rst 
density control device of the inductance detecting system on 
the basis of the difference value, or by using the ?rst density 
controller of the inductance detecting system and the second 
developer density controller of the video count system 
together. 

Speci?cally, in the case Where the detection signal of the 
inductance detecting sensor immediately before the opera 
tion of the apparatus stops is 2.5 V and the sensor detection 
signal immediately after the operation of the apparatus 
restarts is 3.0 V or 2.0 V, it is judged that the bulk density 
of the developer is largely changed due to the leaving of the 
developer, and the subsequent developer density control is 
conducted through the inductance detecting system and the 
video count system together. 

The toner replenishing control using the inductance 
detecting system ATR and the video count system ATR 
together Will be described. As described above, in the case 
of the inductance detecting system ATR, a toner replenishing 
time t1 (that is, replenished toner amount) is obtained from 
a difference betWeen the detection signal and the reference 
signal. Also, in the case of the video count system ATR, a 
toner replenishing time t2 (that is, replenished toner amount) 
is obtained from the number of video counts. 

Accordingly, in the developer density control using the 
inductance detecting system ATR and the video count sys 
tem ATR together, the actual toner replenishing time T is 
calculated by the folloWing expression. 
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T=(1—N)><t1+N><t2 (OéNél Where N is a coef?cient 

indicative of the rate of both the systems) 

This expression means that if N is 0, the developer density 
control is conducted by only the inductance detecting system 
ATR, Whereas if N is 1, the developer density control is 
conducted by only the video count system ATR. If N is 
betWeen 0 and 1, both of the inductance detecting system 
ATR and the video count system ATR are used together. 

For example, in the case Where the detection signal 
difference is 0.5 V betWeen the detection signals before and 
after the leaving of the developer, if the value of N is set to 
0.5, the toner replenishing time T becomes: 

In the above example, N is set to 0.5 (N=0.5). HoWever, 
it is needless to say that N may be set to a different value, 
and it is possible to appropriately select the value of N so as 
to be adapted to an actual system. Also, the value of N may 
be changed in accordance With the above detection signal 
difference by the control means, thereby being capable of 
appropriately conducting the toner replenishing control. 
The above operation is illustrated in the ?oWchart shoWn 

in FIG. 9. In Step S1, in the image forming apparatus, a 
difference value obtained by the inductance sensor is trans 
mitted to CPU 25. In Step S2, the value of N is changed in 
accordance With the difference value. In Step S3, a prede 
termined period of time N><t2 is calculated. In Step S4, the 
CPU 25 selects betWeen a main mode and a sub-mode based 
on the difference value. In Step S5, label FIG. 9 in the 
sub-mode and after the predetermined period of time N><t2 
has elapsed, the apparatus returns to the main mode if the 
predetermined period of time has not elapsed the apparatus 
returns to the sub-mode. 

Through the above control, even if the bulk density of the 
developer is changed by the leaving of the developer, the 
developer density is prevented from being rapidly changed 
due to the malfunction of the inductance detecting sensor, 
thereby being capable of preventing the deterioration of the 
image quality such as the toner scattering or the fogged 
image on the background due to a rise in the developer 
density or the light density image due to the loWering the 
developer density. 

Also, in this embodiment, since the detection signal of the 
developer controller immediately after the operation of the 
image forming apparatus restarts is detected after the opera 
tion of the image forming apparatus restarts and before the 
?rst image forming operation is conducted, the judgment of 
using the inductance detecting system and the video count 
system ATR together can be more quickly made than that in 
the case Where the detection signal is detected during the 
?rst image forming operation after the operation of the 
image forming apparatus restarts, thereby being capable of 
preventing the deterioration of the image due to the exces 
sive toner replenishment in the ?rst image forming opera 
tion. 

Third Embodiment 

Subsequently, a third embodiment of the present inven 
tion Will be described beloW. 

There is a risk that When the second developer density 
controller of the above-described video count system con 
ducts a large amount of image forming operation as 
described above, the developer density is out of an appro 
priate range. 
On the other hand, even in the case Where the environ 

ments such as temperature or humidity are remarkably 
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changed, packing occurs due to the leaving of developer, or 
the charge amount is lowered, it is considered that the bulk 
density of the developer gradually approaches the bulk 
density suitable for the environments because the bulk 
density is gradually adapted to the environments While the 
normal operation of the image forming apparatus continues 
or because the packing of the developer is eliminated or the 
toner charge amount is recovered by agitating the toner 
Within the developing container. 

Under the above-described circumstances, in this 
embodiment, control is made in such a manner that the 
change-over of the developer density control of the video 
count system to the developer density control of the induc 
tance detecting system, or the using of the developer density 
control of the inductance detecting system and the developer 
density control of the video count system together, is 
returned to the original developer density control of the 
inductance detecting system after a predetermined period of 
time elapses As a result, the developer density control 
immediately after the bulk density is remarkably changed 
due to the leaving of the developer as Well as the subsequent 
developer density control in a state Where the correlation 
relationship betWeen the detection signal from the induc 
tance head and the actual toner density substantially coin 
cides With each other after the bulk density is stabiliZed due 
to a large amount of image forming operation, can maintain 
the developer density Within the developing container at a 
predetermined value. 

The above-described predetermined period of time is 
determined on the basis of the number of image formations, 
and the change-over to the developer density control of the 
inductance detecting system, or the developer density con 
trol using the developer density control of the inductance 
detecting system and the developer density control of the 
video count system together is returned to the developer 
density control of only the inductance detecting system after 
the images are formed on, for eXample, 100 sheets of 
transfer materials. As a result, the developer density control 
immediately after the bulk density is remarkably changed 
due to leaving of the developer, as Well as the subsequent 
developer density control in a state Where the bulk density 
is stabiliZed due to a large amount of image forming 
operation can be controlled to a desired value. 

Also, the control may be made in such a manner that the 
value of N in the second embodiment is gradually reduced 
by the control means every time Where image formation is 
conducted on the transfer materials of a predetermined 
number of sheets (every time Where a predetermined number 
of times of detections are conducted by the inductance 
sensor) While a state Where the developer density control of 
the inductance detecting system and the developer density 
control of the video count system are used together is 
returned to the developer density control by only the induc 
tance detecting system. With this structure, the developer 
density control (developer replenishing control) matched by 
the actual toner density can be conducted, thereby being 
capable of preventing the failure of the image formation. 

Also, as a modi?ed eXample of the above predetermined 
period of time, since the recovery of the bulk density of the 
developer is directly related to the drive of the developer 
agitating members, that is, the ?rst and second developer 
agitating screWs 58 and 59 (refer to FIG. 2), the change-over 
to the second developer density controller or the developer 
density control using tWo systems together is returned to the 
?rst developer density controller of the inductance detecting 
system after, for eXample, a total time of the agitating 
periods of the agitating members reaches 10 minutes, With 
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the results that the developer density control immediately 
after the bulk density is remarkably changed due to the 
leaving of the developer and the developer density control in 
a state Where the bulk density is stabiliZed due to a large 
amount of subsequent image forming operation can control 
the developer density Within the developing container to a 
desired value. 

Also, as another modi?ed eXample, the video count 
system can be controlled. In the control method of this type, 
since the number of video counts are proportional to the 
consumed toner amount, for example, in the case Where the 
con?guration and the surface property of the toner are 
changed, and the bulk density is changed as a result of 
sandWiching and pressing the toner among the carriers due 
to the leaving of the developer for a long period of time, the 
toner is consumed and neWly replenished, to thereby return 
the bulk density to an initial bulk density. 

Therefore, the change-over to the second developer den 
sity controller or the developer density control using the tWo 
systems together is returned to the ?rst developer density 
controller of the inductance detecting system after, for 
eXample, an integral value of the number of video counts 
integrated after the operation of the image forming apparatus 
restarts reaches a predetermined value, With the results that 
the developer density control immediately after the bulk 
density is remarkably changed due to the leaving of the 
developer, and the developer density control in a state Where 
the bulk density is stabiliZed due to a large amount of 
subsequent image forming operation can control the devel 
oper density Within the developing container to a desired 
value. 

Fourth Embodiment 

Subsequently, a fourth embodiment of the present inven 
tion Will be described. 

This embodiment can obtain a larger advantage by appro 
priately combining the above-described ?rst to third 
embodiments, respectively. 

For eXample, in the case Where the developer density 
control of only the video count system is conducted on the 
image formation onto the ?rst transfer material immediately 
after the operation of the image forming apparatus restarts 
on the basis of the detection signal difference betWeen the 
detection signals from the inductance head immediately 
before the operation of the image forming apparatus stops 
and immediately after the operation of the image forming 
apparatus restarts, the control may be made by the control 
means in such a manner that the developer density controls 
of the video count system and the inductance system are 
used together With respect to the image formation on the 
second and subsequent transfer materials after the operation 
of the image forming apparatus restarts. Then, the value of 
N in the second embodiment is gradually reduced every time 
the image formation onto a predetermined number of sheets 
of transfer materials is conducted (every time Where a 
predetermined number of times of detections are conducted 
by the inductance sensor) so that the number of N becomes 
?nally Zero, to thereby conduct the developer density control 
of only the inductance system. 
When the developer density control of the video count 

system and the developer density control of the inductance 
system start to be used together With respect to the image 
formation onto the second transfer material after the opera 
tion of the image forming apparatus restarts, it is preferable 
that the initial value of N is controlled by the control means 
in accordance With the above detection signal difference. 
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With the above structure, even if there is a large difference 
betWeen the detection signal from the inductance head 
immediately after the operation of the image forming appa 
ratus restarts and the actual toner density Within the devel 
oping container, the control can cope With this excellently. 

The toner particles used in this embodiment is a spherical 
polymer toner, and a method of manufacturing the toner is 
that monomer is obtained by adding a colorant and a charge 
control agent to the monomer of the polymeriZing method 
and then suspended and polymeriZed in a Water based 
medium, to thereby obtain spherical toner particles in this 
embodiment. This method is preferable When the spherical 
toner is inexpensively produced. The producing method is 
not limited to the above manner, but other methods such as 
an emulsion polymeriZation method may be employed if the 
spherical toner can be produced, and other additives may be 
mixed together. 

The shape factor of the spherical ploymer toner obtained 
through the above-described method is 100 to 180 in SF-1 
in and 100 to 140 in SF-2. The SF-1 and SF-2 are de?ned as 
values obtained by sampling 100 toners at random by using 
FE-SEM (S-BOO) made by Hitachi, Ltd., introducing the 
image information to an image analyZing device (LuZex 3) 
made by Nicolet Japan Corporation through an interface, 
analyZing the information and conducting calculation on the 
basis of the folloWing expressions. 

Where MXLNG is an absolute maximum length, AREA is 
a toner projected area and PERI is a peripheral length. 

The shape factor SF-1 of the toner represents the degree 
of sphericity and becomes gradually unde?ned from the 
sphere if the numerical value is large. The SF-1 represents 
the degree of irregularity, and the irregularity of the surface 
becomes remarkable if the numerical value is large. 

Since as compared With the shape factor of the above 
spherical polymer toner, the shape factor of the toner manu 
factured by using the conventional pulveriZing method is 
180 to 220 in SF-1 and 180 to 200 in SF-2, it is understood 
that the spherical polymer toner is close to a circle in the 
shape of the toner particles as compared With the conven 
tional pulveriZed toner. The spherical polymer toner Which 
is naturally close to a circle shoWs small change in the shape 
because factors that change the shape is little With respect to 
the pulveriZed toner. Also, the pulveriZed toner is Wide in 
discrepancies in the con?guration of the toner particles, and 
therefore also large in a change in the void ratio and bulk 
density. On the contrary, in the spherical polymer toner, as 
described above, because a change in the shape of the toner 
particles is small, a change in the bulk density is also small, 
and an error in the detection signal of the inductance 
detecting system ATR When the developer is left is also 
small. 

It is not particularly necessary to produce the above 
spherical polymer toner by polymer toner, but other methods 
may be applied if the spherical toner can be produced. 

Fifth Embodiment 

Subsequently, a ?fth embodiment of the present invention 
Will be described With reference to FIG. 7. The structural 
feature of this embodiment resides in that as shoWn in FIG. 
7, the developing sleeve 54 that functions as a developer 
bearing member is rotated in a counter direction to a 
direction of rotating the photosensitive drum 40. That is, in 
this embodiment, the structure of the developing device is 
only different from that in the above ?rst to fourth 
embodiments, and other structures are identical With those in 
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the ?rst to fourth embodiments, and the structures other than 
the developing device can be applied With the structures in 
the ?rst to fourth embodiments similarly. 
As shoWn in FIG. 7, in the structure Where the developing 

sleeve 54 rotates in a counter direction to the direction of 
rotating the photosensitive member, the developer 43 in the 
developing chamber 52 is carried by using an S2 pole of the 
magnet 55 as a magnetic ?eld generating means, and after 
the developer 43 is coated on the developing sleeve 54, the 
developer 43 coated on the developing sleeve 54 is regulated 
by a blade 56A as the developer regulating member, to 
thereby regulate the coating amount on the developing 
sleeve 54. 

For that reason, as compared With the structure Where the 
developing sleeve 54 rotates in a forWard direction of the 
photosensitive member rotating direction shoWn in FIG. 2 in 
Which the developer becomes sequentially full in the vicinity 
of the regulating blade 56 of the developing blade 54, the 
compression of the developer by the regulating blade 56A of 
the developing sleeve 54 is reduced, as a result of Which the 
deterioration of the developer can be prevented, and a 
variation in the toner charge amount can be reduced. 

The above-described fact can reduce a change in the bulk 
density of the developer due to a change in the shape of the 
toner, or a change in the toner charge amount due to the 
developer compression, to thereby lead to a reduction in the 
change of the bulk density due to the repulsion betWeen the 
developers. The error in the sensor detection signal imme 
diately after the operation of the device restarts can be 
reduced in the inductance detecting system ATR as com 
pared With the conventional system Where the developing 
sleeve rotates in the forWard direction With respect to the 
photosensitive drum as in the conventional example. 

Sixth Embodiment 

The feature of this embodiment resides in that a change in 
the toner charge amount is reduced by changing the material 
and physical property of the carriers in the developer in the 
above-described embodiment. The structure of the image 
forming apparatus can be applied With the structure of the 
?rst to ?fth embodiments except for the structure of the 
carriers, likeWise. 

FIGS. 8A and 8B shoW a difference betWeen the sensor 
detection signals immediately before the operation of the 
apparatus stops and immediately after the operation of the 
apparatus restarts With respect to a difference betWeen the 
toner charge amount of the ferrite magnetic carriers used up 
to noW and the toner charge amount of the high resistant 
carriers that can reduce the triboelectricity change amount in 
this embodiment due to the leaving of the developer. 

It is understood from FIGS. 8A and 8B that the high 
resistant carriers of this embodiment is small in a change in 
the toner charge amount due to the leaving of the developer 
as compared With the conventional carriers. 
The present inventors have considered causes that create 

the above differences as folloWs: the high resistant carriers 
in this embodiment and the ferrite magnetic carriers are 
different in its speci?c resistance (volume resistivity), and 
the ferrite magnetic carriers itself are loW in the resistance, 
that is, 1><109 to 1><101O Qcm. On the contrary, because the 
high resistant carriers are high, that is, 1><101O to 1><1014 
Qcm, it is considered that the charges stored in the carriers 
once is dif?cult to decay, and a variation in the charge of the 
carriers When the developer is left is small, as a result of 
Which a change in the charge amount of stuck toner is also 
small. 
The high resistant carriers in this embodiment are pro 

duced by the polymeriZing method as a resin magnetic 
carrier consisting of a binder resin, a magnetic metal oxide 
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and a nonmagnetic metal oxide, However, if the resistance 
can be adjusted by another manufacturing method, its car 
riers may be used. 

The above-described respective embodiments shoW cases 
Where the present invention is applied to a digital copying 
machine of the electrophotographic system. HoWever, the 
present invention can be likewise applied to various copying 
machines such as an electrophotographic system other than 
the above embodiments or the electrostatic recording 
system, and the image forming apparatus such as a printer. 
For example, the present invention can be applied to the 
image forming apparatus that conducts the contrast expres 
sion of an image by a dither method, and can be also applied 
to not an original copy, but the image forming apparatus that 
forms the toner image in accordance With the image infor 
mation signal outputted from a computer or the like. In 
addition, it is needless to say that the structures of the image 
forming apparatus and the control system can be deformed 
or altered as occasion demands. 

The foregoing description of the preferred embodiments 
of the invention has been presented for purposes of illus 
tration and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed, and 
modi?cations and variations are possible in light of the 
above teachings or may be acquired from practice of the 
invention. The embodiments Were chosen and described in 
order to explain the principles of the invention and its 
practical application to enable one skilled in the art to utiliZe 
the invention in various embodiments and With various 
modi?cations as are suited to the particular use contem 
plated. It is intended that the scope of the invention be 
de?ned by the claims appended hereto, and their equiva 
lents. 
What is claimed is: 
1. An image forming apparatus, comprising: 
an image bearing member on Which a latent image 

corresponding to image information is formed; 
developing means for developing the latent image formed 

on said image bearing member With a developer includ 
ing a carrier and a toner; 

supplying means for supplying the toner to said develop 
ing means; 

detecting means for detecting a magnetic permeability of 
the developer; 

counting means for counting pixel information corre 
sponding to the image information; and 

selecting means for selecting betWeen a ?rst mode in 
Which an amount of the toner supplied from said 
supplying means to said developing means is con 
trolled on the basis of an output from said detecting 
means and a second mode in Which the amount of the 
toner supplied from said supplying means to said 
developing means is controlled on the basis of an 
output from said counting means, 

Wherein said selecting means selects betWeen the ?rst 
mode and the second mode in accordance With a 
difference value betWeen a value detected by said 
detecting means before a stop of an image forming 
operation and a value detected by said detecting means 
after a start of an image forming operation after the stop 
of the image formation operation. 

2. An image forming apparatus according to claim 1, 
Wherein When the difference value is equal to or larger than 
a predetermined value, said selecting means selects the 
second mode. 

3. An image forming apparatus according to claim 2, 
Wherein after said selecting means performs the second 
mode for a predetermined period of time, said selecting 
means sWitches from the second mode to the ?rst mode. 
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4. An image forming apparatus according to claim 2, 

Wherein after said selecting means performs a predetermined 
number of image formations in the second mode, said 
selecting means sWitches from the second mode to the ?rst 
mode. 

5. An image forming apparatus, comprising: 
an image bearing member on Which a latent image 

corresponding to image information is formed; 
developing means for developing the latent image formed 

on said image bearing member With the developer 
including a carrier and a toner; 

supplying means for supplying the toner to said develop 
ing means; 

detecting means for detecting information corresponding 
to a magnetic permeability of the developer; 

counting means for counting pixel information corre 
sponding to the image information; and 

selecting means for selecting betWeen a ?rst mode in 
Which an amount of the toner supplied from said 
supplying means to said developing means is con 
trolled on the basis of an output from said detecting 
means and a second mode in Which the amount of the 
toner supplied from said supplying means to said 
developing means is controlled on the basis of the 
output from said detecting means and an output from 
said counting means, 

Wherein said selecting means selects betWeen the ?rst 
mode and the second mode in accordance With a 
difference value betWeen a value detected by said 
detecting means before a stop of an image forming 
operation and a value detected by said detecting means 
after a start of an image forming operation after the stop 
of the image forming operation. 

6. An image forming apparatus according to claim 5, 
Wherein When the difference value is equal to or larger than 
a predetermined value, said selecting means selects the 
second mode. 

7. An image forming apparatus according to claim 6, 
further comprising controlling means for calculating, in the 
second mode, an amount of the toner to be supplied by 
using, With a use rate de?ned by a predetermined coefficient, 
both of a value relating to a toner supply corresponding to 
the output from said detecting means and a value relating to 
a toner supply corresponding to the output from said count 
ing means, and for controlling said supplying means to 
perform a toner supplying operation for the calculated 
amount. 

8. An image forming apparatus to claim 7, Wherein said 
controlling means assigns a value corresponding to the 
output from said detecting means to the predetermined 
coef?cient. 

9. An image forming apparatus according to claim 7, 
Wherein said controlling means changes the predetermined 
coef?cient so that a use rate of the value relating to the toner 
supply corresponding to the output from said detecting 
means becomes larger in accordance With an increase in a 
number of image formations. 

10. An image forming apparatus according to claim 6, 
Wherein after said controlling means performs the second 
mode for a predetermined period of time, said controlling 
means sWitches from the second mode to the ?rst mode. 

11. An image forming apparatus according to claim 6, 
Wherein after said controlling means performs a predeter 
mined number of image formations in the second mode, said 
controlling means sWitches from the second mode to the ?rst 
mode. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 7,013,096 B2 Page 1 of 3 
APPLICATION NO. : 10/765169 
DATED : March 14, 2006 
INVENTOR(S) : Ichiro OZaWa et a1. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

IN THE DRAWINGS: 

In Sheet 8, Figure 9, the box containing the step “Has Predeterrnined Period Of 
Time (N><t2) Elapsed?” should be denoted by reference character --S4--. See Attached 

COLUMN 1: 

Line 25, “Well” should read --is Well--; 
Line 29, “is” should read --are--; and 
Line 42, “in” should read --into--. 

COLUMN 3: 

Line 18, “particles)within” should read --particles) Within--. 

COLUMN 4: 

Line 13, “and” should be deleted; 
Line 20, “change” should read --charge--; and 
Line 21, “time.” should read --tin1e; and--. 

COLUMN 6: 

Line 40, “member- that” should read --member that--; and 
Line 42, “an” should read --a--. 

COLUMN 7: 

Lines 30 and 31, “nonmagnetic carriers,” should read --nonrnagnetic toner,--; 
and 

Line 50, “supply 22” should read --supply 22.--. 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 7,013,096 B2 Page 2 of 3 
APPLICATION NO. : 10/765169 
DATED : March 14, 2006 
INVENTOR(S) : Ichiro OZaWa et a1. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

COLUMN 8: 

Line 56, “more” should read --rnore.--. 

COLUMN 9: 

Line 23, “Judged” should read --judged--. 

COLUMN 13: 

Line 18, “elapses” should read --elapses.--; and 
Line 39, “leaving” should read --the leaving--. 

COLUMN 15: 

Line 28, “SF-2={(PERI)Z/AREA)}(V41I)><100” should read 
--SF-2+{(PERI)2/AREA}><(1/4n)><100--; and 

Line 44, “is” should read --are--. 

COLUMN 18: 

Line 48, “apparatus” should read --apparatus according--. 

Signed and Sealed this 

Seventeenth Day of October, 2006 

,, W451i,” 

JON W. DUDAS 
Director ofthe United States Patent and Trademark O?ice 




